Endurance exercise induces several alterations in the immune and hematological system. At present it is unknown whether exercise under hypoxic conditions can modulate these changes. We investigated the effects of a prolonged endurance bicycle exercise in 8 healthy athletes (Oetztal Bicycle Marathon, OEBM; distance 230 km; vertical displacement 5000 m) on serum concentrations of interleukin-I[3 (IL-If3), interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), neopterin as well as erythropoietin (EPO). Blood was collected before (A), immediately after the race (B), one (C), two (D), three (E) as well as five (F) days after the OEBM. We could demonstrate that IL-6 was increased significantly after exercise termination, whereas IL-I[3 and TNF-a were unchanged. Neopterin was significantly elevated from B to D, indicating an activation of the cellular immune system. Serum EPO was significantly increased from day 1 to day 5 after exercise which might reflect the combination of hypoxia and postexercise hemodilution.
Introduction
Physical exercise strongly influences the physiological balance in the human organism. Exercise-induced alterations in body homeostasis are dependent on the type and duration of exercise causing different changes in the immune system (for review see 1) . Moderate exercise may increase immune competence. In contrast, it is suggested that extreme physical stress can lead to immune deficiency, as similarily observed during sepsis, after surgery, trauma, burn and acute myocardial infarction .
Alterations in the immune system after prolonged exercise include decreased lymphocyte proliferation response, decreased natural killer cell function and lower immunglobulin levels (2) . The cytokine plasma levels of tumor necrosis factor-a (TNF-a), interleukin 1 (IL-l), interleukin 2 (IL-2), the soluble IL-2 receptors and interleukin 6 (IL-6) have been found to be increased after physical exercise (2) . During immunological activation human macrophages release large amounts of neopterin upon stimulation with interferon-yo Thus, neopterin concentration in plasma is an accepted valuable marker for the activity of the cellular immune system in a variety of inflammatory diseases (3) . Reports about exercise-induced changes in neopterin are scarcely in the literature. An increase of serum neopterin was shown after long lasting exercise (4, 5) indicating an activation of T cells as well as monocytes/macrophages.
Erythropoietin (EPO) is a glycoprotein hormone which regulates red cell mass. EPO release from kidney and liver is triggered by any reduction in tissue oxygenation, e.g. anemia, hypoxia (for review see 6). EPO concentration after physical exercise has been reported to be elevated or unchanged (7, 8, 9 ) . Hypobaric hypoxia changes EPO formation as well (10) . Already a few hours stay at moderate altitude (2000 m) leads to an elevated EPO concentration in plasma ( 11) . Thus, hypoxia in combination with exercise rnight boost EPO production. However, it has been reported that proinflammatory cytokines as well as neopterin are potent suppressors of EPO production in vitro ( 12, 13) . At present the consequence of exercice-induced release of proinflammatory cytokines and neopterin under conditions of hypoxia on EPO formation are unknown.
Most studies only analysed the impact of shortterm physical exercise on alterations in the immune system. Hypoxia combined with prolonged endurance exercise is an excellent model for showing stress related changes in homeostasis.
Therefore the aim of our study was to answer following questions:
1. What are the consequences of endurance exercise at llloderate altitude on plasma concentrations of proinflammatory cytokines?
2 . Is prolonged strenuous physical exercise under hypoxia an activator of the cellular immune system.
3. Does hypoxia plus exhaustive long lasting exercise influence EPO concentration in plasma?
Material and Methods
For answering these questions we chose the Oetztal bicycle marathon (OEBM). The OEBM is a competition for amateur sportsmen, which once a year takes place in Tirol/Austria. The overall distance is 230 km with a vertical displacement l'teridines/ Vol. 8 / No . 3 
Participants
Eight well trained athletes participated in our study. They regularly cycled between 100 and 400 km a week. The anthropometric data are listed in Table 1 . The sportsmen agreed to undergo no further physical exertion within the first week after the race. There was no limitation of fluid and food intake during that time.
Blood sampling
Blood was withdrawn of the antecubital vein by a single puncture at following time points: One day before the start of the OEBM (=A), immediately after the race (=B), as well as on the first (=C), second (=D), third (=E), and fifth (=F) day after the race. All samples except "A' were obtained in the morning.
After veinepuncture the haematological parameters were determined with the Culture Counter (model T-600, Coulter Electronics, USA ). Blood was centrifugated thereafter (2000 g at 4°C for 15 min) and serum was frozen at -20°C until further determinations.
The serum concentrations of IL-l~, IL-6 and TNF-a were measured with commercial ELISA test kits (Medgenix, Fleurus, Belgium). Serum neopterin was analysed by a radioimmunoassay (Brahms Diagnostica, Berlin, Germany).
EPO was determined with a commercial ELISA test kit (MEDAC, Hamburg, Germany).
Since physical exercise changes plasma volume, the formula of vanBeaumont (14) was used to correct the post-exercise plasma concentrations of cytokines, neopterin and EPO .
Statistical analysis
Non parametric methods were used to identifY time points differing significantly from each other. Re sults were tested by the two-way analysis of \·J.riance acco rding to Friedman, taking a P<O .05 .:.~ significant. In case of statistical significance :; HiI1d by the Friedman test the Wilcoxon signed r .1nk test was used to identifY time points differing .,ignificantly from each o ther. Results in tables and ri.gu res are expressed as medians and the vari2bility is shown by the 50-interpercentile range .
Results
.-\II 8 mcmbers of the study have successfully ter-::,in.ltcd the OEBM . Mean duration of the race '·,.1s 7l1±65 min (mean±SD ).
Plasma volume, red and white cell count
Thc extreme stress of the OEBM led to a Slg-:11tlcant change in p lasma volume (PV). On the rlrst day after the race PV was decreased by -5%. HO\yever, on day 2 and 3 PV increased by +22.4% J.nd +19 .8 %, respectively (Table 2) . Within the first 3 days following exercise hemoglobin concentration (Hb) and hematocrit (HKT) were significantly decreased and reached their pre-race level after about one week.
The circulating leukocytes were significantly decreased on the second day after exercise primarily caused by a diminution of neutrophiks. The number of lymphocytes and monocytes remained unchanged (Table 2) .
Cytokines, neopterin, EPO
The serum concentrations of IL-1~ and TNF-a showed no significant changes during the investigation (range of IL-1~: 2 .9-9.1 pg/ml; range of TNF-cx: 7 .9-13.1 pg/ml). IL-6 impressively increased, showing one single peak immediately after exercise termination and dropped thereafter ( fig. 2) . Neopterin concentrations in serum were significantly increased immediately after the bicycle race, reaching the maximum after 24-48 hours ( fig. 3 ) . On the third day after the OEBM neopterin returned to pre-race levels. Taking under consideration the upper limit for normal neopterin concentrations at 10 nmol/l, 6 of 8 athletes had neopterin levels beyond the normal range.
Serum EPO was significantly elevated from the first to the fifth day after the OEBM ( fig. 4) . The maximum EPO concentration was observed on day two after the race. EPO declined thereafter reaching pre-race values after one week (data not shown).
Discussion
Physical stress leads to several changes in the immune system. The degree and severity of these alterations in homeostasis depend on several factors, Pteridines/ Vol. 8 / No. 3 e.g. the type and duration of exercise, the physical fitness of the athletes as well as ambient conditions (e.g. temperature, wind; for review see 15). In our study the main consequences of the prolonged exhausting bicycle race at moderate altitude are a) a significant increase of the proinflammatory cytokine IL-6 immediately post race, b) an activation of the cellular immune system as evidenced by the significant elevation of serum neopterin and c) a significant increase of serum EPO between day 1 and day 5 after the competition.
Leukocytes, cytokines
Several studies have shown that strong physical exercise less than two hours led to a biphasic response of the circulating leukocytes (reviewed in 1) . The number of lymphocytes and neutrophils regularily increased after exercise. Lymphocyte count decreased thereafter and remained at a lower level for several hours. The neutrophils, however, showed a sustained elevation. Only few data exist about comparable changes after extreme long lasting exertion (15) . In our study the participants showed a remarkable decrease of the total number of circulating leukocytes, caused by the reduction of neutrophiles at day 2 after the race. However, a significant elevation of CD 16+ NK cells was found (data not shown). Thus, under conditions of extreme physical exertion in an hypoxic environment, qualitative as well as quantitative changes within the leukocyte population occur.
IL-6 was significantly increased immediately after the end of the race. Thereafter IL-6 quickly returned to values below the detection limit of the assay. The concentrations of IL-ll3 and TNF -a remained unchanged. In a review, Northoff et al. (2) investigated the response of proinf1ammatory cytokines to physical exertion by analysing the present literature. Only in one third of the studies an increased level of IL-l was found. In contrast, in almost all studies a significantly elevated concentration of IL-6 was detected after exercise termination. Since acute inflammatory processes are associated mostly with early peaks of TNF-a and IL-1, we can not exclude that both cytokines were in fact increased during the 12 h lasting bicycle race, but had returned to baseline at the end of the marathon.
Neopterin
Only a few data exist about the activation of the monocyte , m.1..:r'-'r j .:;:;e-s\·stem b~' ph\'sical activity . A stim uLw o n or' mono.:nes/ macrophages by interferon--: U1du.:es the liberation of neopterin ( 3) . Therefore neopterin is accepted as marker for the activity of the cellular immune system. In the OEBM-study we found significantly increased levels of neopterin dire.:th· .liter the ra.:e with its maximum 24 h-48 h after the bi':hie marathon . Similar results were reported by Sprenger et al. ( 20 km run; 4 ) and DutJ. ux er a!. 2:; h run; :; ). However, only o ne srud\ exists \\hi.:h in\'estigated the changes o f thc m o n o.:nc/ macrophagesystem due to physi.:al exer.:ise at moderate altitude ( 16) . A group of untraincd participants made a mountain \\'alk !.lsting ,e\'eral hours. Reaching the top of thc mount.1U1 J.itcr 3 h (2100 m a .s.l.) the plasma .:on.:entr.nion of neopterin was already significanth' in.:reascd and remained elevated for 36 h . By analysing these and our data it can be concluded that a single bout of prolonged physical exer.:ise leads to a sustained activation of the monocyte/ macrophage-system . Remarkably, the absolute increase in serum neopterin was similar in our study and the other exercise studies despite the different duration and kind of exercise. Compared to clinical conditions known to be associated with the exc.essive release of neopterin (e.g. sepsis, AIDS) the neopterin concentrations after exercise were relatively low. Thus, it seems that the contribution of the hypoxic environmental condition to the exercise-induced production and release of neopterin is small.
EPO and erythrocytes
H ypoxia and anemia are known to be the main stimuli for the production and liberation of EPO. EPO is known to increase the 0 2-transport capacity in blood by stimulating the formation of erythrocytes in bone marrow. We found a significant increase o f EPO concentrations in serum from the first day until the fifth day after the OERM. This change of EPO might reflect a complex interaction of extreme physical stress and hypoxia . Our present study design, however, does not allow to verifY the single components affecting EPO-fo rmation . The influence of physical exercise under normoxia on EPO-production is still a matter of controversial discussions . Some authors described increased EPO concentration after physical stress (7), while others did not (8, 9 ) . One possible explanation for this discrepancy could be that measured EPO in serum was not corrected for exercise-induced changes in plasma volume, thus making a comparison of this parameter difficult. In our study we found a significant expansion of plasma volume 2 days after the race, which induced a significant decrease of the haemoglobin concentration. This "pseudoanaemia" could be one stimulus for the increased EPO production . Acute hypoxia itself causes an enhanced EPO production within a few hours exposure ( 10) . Since the participants of the OEBM had to pass several mountain tops higher than 2000 m, hypoxia could be the crucial factor for the stimulated EPO formation. In our study the maximal concentrations of EPO in plasma were 1.7 times higher than the pre-exercise values . Since hypoxia as well as strenuous exercise per se induce similar increases of EPO, an additive influence of both seems not to be present. Neopterin was shown to inhibit hypoxia-induced EPOformation in the hepatocellular carcinoma cell line HepG2 (13) . Both, neopterin and EPO showed a similar time course after the OEBM . Whether the significant increase of n eopterin had a suppressive effect on the stimulated production and release of EPO in the athletes remains unclear. Moreover, IL-6, the only cytokine in our study which was elevated after the race, was reported to stimulate EPO release in vitro ( 17) . Thus, we conclude that the measured changes of EPO the days after the OEBM are the result of complex interactions between stimulating and inhibiting factors.
